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Abstract 
This paper presents empirical thermochemical data for a number of higher order 
oxides and introduces the method employed for their calculations. This method 
is based on experimentally measured data. 
Key words: Thermochemistry, empirical values, oxides. 
Περίληψη 
Στην παρούσα εργασία παρουσιάζονται εμπειρικά θερμοχημικά δεδομένα από μία 
σειρά υψηλής τάξεως οξειδίων και προτείνεται μεθοδολογία για τον υπολογισμό 
τους. Η μέθοδος βασίζεται σε πειραματικά δεδομένα. 
Λέξεις κλειδιά: Θερμοχημεία, εμπειρικές τιμές, οξείδια. 
1. Method 
The basis for the empirical calculation in the current study are the „uncritical" values given in 
Table 1, which lists the average thermochemical data for the binary oxides from Woods and 




i [kJ/mol] respectively presented in Table 2, are 
calculated according the following principle: The sum of the values for the binary oxides are 
multiplied by the ratio of the sum corresponding to the atoms of the higher-order oxide over the 





i and CH = AH°exp /AH°exp respectively for both the ternary and quaternary oxides in 
the same table. For most of these calculations, the coefficients are approximately 1.10, with 
minimum and maximum values of 0.85 and 1.36. The average for all coefficients is C G , H = 1.0658. 





i are multiplied by these coefficients. 
For the current investigation only stoichiometric oxide compounds in a crystalline state were 
considered, i.e. carbonates, phosphates, nitrates etc. were not included. Additionally, neither 
compounds of other elements, e.g. chlorides, sulfides or fluorides, nor hydrates or hydroxides were 
considered. In accordance with the work of Woods and Garrels (1987), compounds of certain 
elements such as Ga, Gd, In, Nd and Tb are also not included in the current study. All values given 
here are based on a temperature of 298.15 K. 
To clarify the proposed method, the following numerical examples are provided: 
1. Ba2Fe205 =*aO + Fe 20 3 
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AG°
ca
, = [-521-743] χ [9/7] = -1625 [kJ/mol]; AG°
emp = (-1625) χ 1.066 = -1732 [kJ/mol] 
2. Na2Mg2Si207 ^Na 20 + MgO + Si02 ; 
AG°
ca
, = [-377-569-853] χ [13/8] = -2923 [kJ/mol]; AG°
emp = (-2923) χ 1.066 = -3115 [kJ/mol] 
3. PbCa3Zn4SÌ40,6 =#>bO + CaO + ZnO + Si02 ; 
AG°cal = [-189-604-321-853] χ [28/9] = -6119 [kJ/mol]; AG°emp = (-6119) χ 1.066 = -6522 
[kJ/mol] 
4. CaYFeBe2Si2O10 ->CaO + Y 20 3 + Fe 20 3 + BeO + Si02; 
AG°
ca
, = [-604-1817-743-577-853] χ [17/17] = -4594 [kJ/mol]; AG°
emp = -4897 [kJ/mol] 
The values of AH°
emD were calculated in a similar fashion. 
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Table 2 - Experimental and calculated data for AG°
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Al6Si20,3 
BaMo0 4 













































































































































































































































































































































































































































































































































































































































The method outlined here provides an estimation and is intended only as a first approximation in 
those cases where, due to lack of thermochemical data, exact calculation of mineralogical 
processes is not possible. In these cases, an experimental determination of the unknown quantities 
should be undertaken. However, it should be not forgotten that the production of pure 
stoichiometric compounds and the experimental determination of there thermochemical data are 
not simple procedures. 
Closer examination of Tables 2a and 2b reveals that the coefficients CG and C H for potassium 
compounds have a higher average value, while magnesium and zinc compounds exhibit an average 
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value lower than 1.06 (the average for all compounds, as stated above). Thus, the empirical values 
for each group of elements can be determined individually. 
The compounds in Tables 3, 4, 5 and 6 were taken either from the Mineralogical Tables compiled 
by Strunz ( 1977) or from the literature. 
A similar study of the free-enthalpy changes for sulfides was published by Barton and Skinner 
(1967). 
Table 3 - Empirical data of AG0
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4Sb20|5 7 Pb2+2V5+207 
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Table 4 - Empirical data of AG0
em
p and AH 0
e m p for quaternary oxides 
Λί"ι° ΛΤ-ί° ΛΓτ° ΛΤ-Τ° ΛΠ° ΛΗ° 
Compound u e m p η e m p Compound u e m p A n e m p Compound u e m p e m p [kJ/mol] [kJ/mol] [kJ/mol] 
Al 1 6 B 6 Si 2 0 3 7 
Al 4 MgBe0 8 
Al 2 Be 3 Si 6 0 1 8 
BaAl 2 Ge 2 O g 
BaAl 2Si 2O g 
BaBe 2 Si 2 0 7 
B a C a 2 S i 3 0 9 
BaCuSi 4 O 1 0 
BaFeSi 4 O| 0 
BaSnSi 3 0 9 
B a T i G e 3 0 9 
BaTiSi 3 0 9 
Ba 2 TiSi 2 0 8 
BeMg 2 Al 6 0, 2 
BeMg 3 Al 8 0 1 6 
Ca 3 Al 2 Si 3 0 1 2 
Ca 3 Al 2 Si 1 5 0 3 6 
CaB 2 Si 2 O g 
Ca 2 BeSi 2 0 7 
C a B i 2 N b 2 0 9 
C a 3 C r 2 G e 3 0 1 2 
C a 3 C r 2 S i 3 0 1 2 
CaCuSi 4 O 1 0 
CaFeSi0 4 
CaFeSi 2 0 6 
C a 2 F e 3 S i 3 0 1 2
i 
C a K 2 A s 2 0 7 
C a L a 4 S i 3 0 | 3 
CaMgAl 1 4 0 2 3 
CaMg 2 Al, 6 0 2 7 
C a M g G e 0 4 
C a 3 M g S i 2 0 8 
CaMnSi0 4 
C a M n S i 2 0 6 
C a M n 4 S i 5 0 1 5 
N a 2 M g 2 S i 2 0 7 
N a M n S i 2 0 6 
Ν3 3 Μη 5 8ί 8 0 2 4
ί Μ 
N a N b A l 2 0 6 
N a S b B e 4 0 7 
N a S c S i 2 0 6 
Na 2 TiSi 2 0 7 
Na 2 TiSi 4 0,, 
N a 2 T i 2 S i 2 0 9 
N a 2 Z r S i 4 O n 
i Ca 2 Fe




























































































ii NaFe2 _ t 
C a 3 M n 2 S i 4 0 i 4 
C a 2 M n S i 2 0 8 
CaNiSi 2 0 6 
C a S n B 2 0 6 
CaSnSiOg 
C a 3 T i 2 S i 3 0 1 2 
CaTiZr 3 0 9 
Ca 3 V 2 Si 3 0 1 2 
C a Z n 2 T i 8 0 1 9 
C a 2 Z n S i 2 0 7 
CaZrTi 2 0 7 
CaYAl 3 0 7 
Cd 3 Al 2 Si 3 0 1 2 
Cd 3 V 2 Si 3 0 1 2 
CeBSiOs 
CeNbTi0 6 
Co 3 Al 2 Si 3 O l 2 
CsFeSi 2 0 6 
C s 3 M n 3 V 4 0 1 6 
Cs 3 ScSi 8 0, 9 
C u Z n 2 A s 2 0 8 
Fe 2 Al 4 Si 5 0 1 8 
Fe 3 Al 2 Si 3 0 1 2 
F e 2 B a 3 G e 3 0 i 2 
FeCoB0 4 
F e 3 C r 2 S i 3 0 1 2 
Fe 2 MgTi 3 O 1 0 
KAlGe0 4 
KAlTi 3 0 8 
KFeSi0 4 
KFeSi 2 0 6 
K F e S i 3 0 8 
K 2 TiSi 4 O n 
K 2 ZrSi 3 0 9 
K 2 ZrSi 6 0 1 5 
N a 2 Z r S i 2 0 7 
Ni 3 Al 2 Si0 8 
PbAl 2 Si 2 0 8 
Pb 3 BiAs 3 0, 2 
P b 3 B i V 3 0 | 2 
P b C u 2 S e 3 0 9 
Pb 2 Fe 2 Si 2 0 9 
P b 2 M n 2 S i 2 0 9 






































































































LiAlSi 2 0 6 
LiAlSi 4O, 0 
Li 2 BeSi0 4 
LiFeSi 2 0 6 
LiSbW0 6 
L i 3 S c M o 3 0 ] 2 
LiScSi0 4 
LiScSi 2 0 6 
Mg 2 AlBO s 
MgAl 2 Si0 6 
Mg2Al4SiO,o 
Mg 2 Al 4 Si 5 0, 8 
Mg 2 Al 4 Si, |O 3 0 
Mg 3 Al 2 Si 3 0 1 2 
M g 3 C r 2 S i 3 0 1 2 
M g 2 F e B O s 
M g 3 F e 2 G e 0 8 
MgFeSi0 4 
M g 3 F e 2 S i 3 0 1 2 
M g 2 M n B 0 5 
M g S c B 0 4 
MnAl 2 Si 2 0 8 
Mn 2 Al 4 Si 5 0, 8 
M n 3 A l 2 S i 3 0 ] 2 
Mn 3Cr 2Si 3Oi2 
Mn 3 Fe 2 Si 3 0i2 
N a B S i 3 0 8 
N a C r S i 2 0 6 
N a F e G e 2 0 6 
N a F e S i 2 0 6 
NaFesSieO.o" 
N a 2 F e S i 2 0 6 
N a L a 9 G e 6 0 2 6 
R b 2 Z n S i 5 0 1 2 
Sc 2 Be 3 Si 6 0 1 8 
SrAl 2 Si 2 0 8 
SrCuSi 4O, 0 
Sr 2 V 2 Si 4 0, 4
i v 
YA1 3B 40, 2 
YNbTi0 6 
Y 2 SiBe 2 0 7 
YTiTa06 
Z r K 2 S i 3 0 9 
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Table 6 Empirical data of AG0emp and AH°emp for senary oxides 
Compound AG
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